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Karyotype studies on grape phylloxera (Daktulosphaira vitifoliae Frrch)
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Summary: A cytogenetic lechnique was developed to produce suitable chromosome spreads for phylloxera karyotype analysis.
The karyotype for pathogenetic phylloxera was 2 n= 10. Karyotypes from haploid sex cells were found to vary betweenn=>5andn=6,
the latter possibly indicating an aneuploidic aberration. Tetra- and polyploid cells were detected in somatic trophocytes. Preparation of
phylloxera sex and somatic cells for chromosomal analysis reported here enables the study of genetic variation on a chromosomal scale.
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Introduction

Phylloxera, Daktulosphaira vitifoliae Fitch, 1s one of
the most important grape pests. Their importation and sub-
sequent spread on the susceptible roots of European vine-
yards in the last half of the 19th century led to the develop-
ment of hundreds of resistant rootstocks upon which most
of the world’s vineyards are now planted. Phylloxera repro-
duce through cyclical parthenogenesis on grape roots and
leaves. Populations with a complete life cycle (holocyclic)
bridge these parthenogenetic stages with dimorphic forms
that produce sexual offspring (sexuparae). These offspring
mate and lay an overwintering egg that initiates another
parthenogenetic cycle (the fundatrix). Populations that only
reproduce parthenogenetically are termed anholocyclic.

Phylloxera resistant rootstocks have successfully con-
trolled this pest for over 100 years. However, strains with
more aggressive feeding habits have been reported in Ger-
many (BouBaLs 1994) and California (GRangTT ef al. 1987).
Studies on the population dynamics and biology of these
and other phylloxera revealed the occurrence of new
phylloxera biotypes that are host plant-adapted. These dis-
coveries led to descriptions of genetic variation within and
among phylloxera populations in North America and Eu-
rope (FonG etal. 1995; Forneck et al. 1998; LN et al. 1999).
Efforts to associate phylloxera feeding behavior with a dis-
tinct genotype, or genetic marker have not yet been suc-
cessful. Genetic markers linked to aggressive feeding
behavior would be useful in pest management and root-
stock breeding. It might also be possible to associate karyo-
types or levels of aneuploidy with changes in phylloxera
behavior. Such chromosomal changes have been found in
aphids and have been associated with the evolution of in-
secticide resistance (BLackMAN and Takapa 1975;
BLackMan 1987). The objective of the study presented here

was to define the karyotypes of 6 phylloxera populations
from Germany, France, Italy and California (USA). This
process required the development and modification of cy-
togenetic techniques, and will aid future investigations into
the genetic basis of phylloxera behavior and biotype de-
velopment.

Material and Methods

Phylloxera material: Phylloxera originating from
different European sources (Table) were raised on grape host
plants using isolation chambers under controlled greenhouse
conditions (16 h photoperiod, 24-26 °C temperature). Under
theses conditions parthenogenetic and sexual phylloxera
morphs were produced.

Chromosome preparations: Ovarioles, pre-
oviposited eggs and sexual larvae were dissected from
anholocyclic adults or sexuparae in Ringer’s saline solution
for later examination of mitotic and meiotic cell divisions.
These tissues were kept in a 1 % hypotonic solution of
sodium citrate for about 15 min. Ten to 15 reproductive sys-
tems were pooled, transferred into a 500 pl Eppendorf tube,
and fixed with three parts of acetic glacial acid, one part of
methanol (abs.) for 10 min. After centrifuging (5 min at
500-800 g) the supernatant was poured off and the pellet
resuspended in fresh fixative. The ovary tissue was macer-
ated passing the suspension through a syringe 3 to 5 times.
Cells were spread by dropping one or two drops of the sus-
pension on a clean microscope slide, followed by air-drying.
Chromosomes were stained with DAPI (4’,6-diamino-2-
phenylindole: 2 pg'ml! in Mcllvaine’s buffer, pH 7) after a
protocol published by ManicarD! et al. (1997} with minor
modification, air-dried and examined through episfluo-
rescent filter sets (Zeiss 01). For whole body preparations
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